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ABSRACT

Young adult (CM7L x A)F hybrid mice received a single whole body
exposure to fission spectri fast neutrons (165-306 rad)o Sabgroups of
these nice then received a single subcutaneous injection of CCa,3 giveneither at 2, 12, 15, or 18 months post-irradiation. Control no -irra-

diated mice received a single injection of CCIh Other groups of mice
were exposed to a single 500 red dose of 250 KVP X-rays. The incidence
of hepatomas was markedly increased in the neutron-irradiated nice (19%)
as compared with that in the X-irradiated mice (2%). In the neutron-
irradiated mice injected with CC14, the hepatma incidence attained a
value of 61%, three times that in the mice irradiated with neutrons only.
In addition, marked pleomorphism and atypicality of liver cell nuclei
was evident in almost all of the neutron-Cal. mice, but was observed in
only 6 of the 47 mice exposed to neutrons onay. Of the small group of
mice which received CCI but no irradiation, and sacrificed up to 22
months later, none exhiited hepatomas or nuclear abnormalities. In
this system therefore, CC3h seems to act as a promoting agent in liver
carcinogenesis. These flndings, taken together with other data in the
literature, support the concept that hepatome induction is accelerated
as a consequence of the action of a specific proliferative stimlus on
cells bearing a latent radiation-induced alteration. The general ques-
tion of the role of proliferative stimuli in radiation carcinogenesis
is discussed.



SUMMARY

The Problem:

Although it is well established that ionizing radiation is a
carcinogenic agent in animals and man, there is still a lack of inform-
ation as to the relative potency of high LET radiations (such as fast
neutrons) versus low LET radiations (such as X-radiation ) with respect
to long-term carcinogenic hazard. Furthermore, in the light of the
accumulating evidence that the development of tumors involves at least
two separate phases, i.e., so-called "initiation," and "promotion," it
is of some importance to gain knowledge on the role of promoting agents
in radiation carcinogenesis. In the system investigated here, carbon
tetrachloride (CCI,) was used to induce mitotic activity in the liver
after irradiation. 4 The hypothesis tested was whether the application
of this specific proliferative stimulus would act as a promoting agent
for tumor formation in the target tissue, in this case liver, under
these conditions.

The Findings:

Young adult (C57L x A)F1 hybrid mice received a single whole body
exposure to fission spectrum fast neutrons (165-306 rad). Subgroups of
these mice then received a single subcutaneous injection of CC , given
either at 2, 12, 15, or 18 months post-irradiation. Control nof-irra-
diated mice received a single injection of CC14 Other groups of mice
were exposed to a single 500 rad dose of 250 KVP X-rays. The incidence
of hepatomas was markedly increased in the neutron-irradiated mice (19%)
as compared with that in the X--irradiated mice (2%). In the neutron-
irradiated mice injected with CC , the hepatoma incidence attained a
value of 61%, three times that in4the mice irradiated with neutrons only.
In addition, marked pleomorphism and atypicality of liver cell nuclei
was evident in almost all of the neutron-CCl mice, but was observed in
only 6 of the 47 mice exposed to neutrons only. Of the small group of
mice which received CC but no irradiation, and sacrificed up to 22
months later, none exhiiited hepatomas or nuclear abnormalities. In
this system therefore, CCl seems to act as a promoting agent in liver
carcinogenesis. These finiings, taken together with other data in the
literature, support the concept that hepatoma induction is accelerated
as a consequence of the action of a specific proliferative stimulus on



cells bearing a latent radiation-induced alteration. The general question
of the role of proliferative stimuli in radiation carcinogenesis is dis-
cussed.



INTRODUCTION

It has been generally accepted that carcinogenesis is a multi-stage
process, involving at least two separate phases, i.e., an "initiating

action", and a "promoting phase" (1). With respect to carcinogenesis
by ionizing radiations, it is becoming increasingly more evident that

the physiological, hormonal, and local tissue events implicated in the
final manifestation of many neoplasms are in fact specific proliferative
stimuli or growth regulators for target tissues, and therefore can be
considered as promoting factors acting on radiation-altered cells (2,3).
The experimental studies of Furth et al (4) on radiation-induced mam-
matropic tumors, and those of Cronkite et al (5) on mammary tumors pro-
vide excellent examples of this concept.

However, our knowledge of the nature of the "initiating" action of
ionizing radiation is very limited. The investigation of carcinogenesis
following exposure to high LET versus low LET radiations appears to offer
some possible new insights into this problem, particularly in view of
recent developments in karyotype analysis of tumor and irradiated cells
(6), and of the application of cloning techniques for investigating radi-
ation effects at the cellular level (7).

In previously published studies (8,9,10) on fast neutron carcino-

genesis in mice we observed a large increase in the incidence of gastro-
intestinal neoplasms in LAP1 mice exposed to a single high sublethal
dose of fast neutrons, whereas the occurrence of such neoplasms was much
less frequent in mice exposed to 250 KVP X-rays. The incidence of neo-
plastic lesions in the kidneys of the neutron-irradiated mice was only
slightly increased over that of non-irradiated controls, while hepatomas
were not more frequent after irradiation. The question arises whether
the difference in carcinogenic response of the gastrointestinal epithelium

versus liver or kidney with respect to fast neutrons, may be related to
the fact that the latter tissues exhibit a low mitotic rate and cell
turnover, whereas gastrointestinal epithelium is a rapidly proliferating

tissue. On the supposition that ionizing radiation initiates a latent
pre-neoplastic, hereditable change of a more or less permanent nature
(2,11) in the cells of liver and kidney, as well as in the gastrointes-
tinal epithelium, it was of interest to establish whether the tumorigenic

effect of fast neutron radiation could be more readily evoked in the
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liver or kidneys, by applying a specific mitotic stimulus to these
otherwise non-proliferating tissues.

The persistence of latent radiation-induced mitotic aberrations in
the resting liver for periods of several months after irradiation is
well established. These cytological changes become overt when the liver
is induced to proliferate by administration of CC (12) or by partial
hepatectomy (13,14). Similar radiation-induced laient injury to prolifer-
ative capacity has been observed also in the kidneys (15).

MATERIALS ANIl METHODS

The mice employed were (C57L x A)F1 hybrids (so-called LAF1 ) of
both sexes. At age 10-15 weeks old, the mice received a single whole
body exposure to fast neutrons (with a spectrum similar to that of fis-
sion neutrons), produced in the 60-inch cyclotron at the Crocker Labo-
ratory of the University of California, Berkeley by the Be(pn) B
reaction. The irradiation procedure has been described previously (8);
and the physical characteristics of these neutrons, as well as the
details of dosimetry have been reported by Tochlin et al (16). The
dose rate was approximately 30 rad per minute. The neutron doses
employed were in the range from 165 rad to 306 rad. Other groups of LAF I
mice 10-15 weeks old, were exposed to a single sublethal dose of

250 KVP X rays (500 rad) at dose rate of approximately 28 rad per
minute. Subgroups of these irradiated mice then received a single
subcutaneous injection of 0.15 ml of 40% Cl in sesame oil, given
either at 2, 12, 15 or 18 months post-irradiition. Control non-irr-
diated mice received a single injection of CCJ. Tissues were taken
from mice which died or were sacrificed up to i8 months post-irradiation.
The tissues were fixed in formalin, and stained with hematoxylin and
eosin after routine processing.

RESULTS

Hepatomas: A summary of the findings is given in Table I. Of 58
neutron-irradiated mice examined to date, which did not receive C1 ,#II
(19%) showed hepatomas. By comparison, in 42 mice exposed to 500 rgd
of X-rays, only 1 hepatoma was found (2%). Thus, the hepatoma inci-
dence in the neutron-irradiated mice is markedly increased over that
of the I-irradiated group. In the neutron-irradiated mice injected
with CC1 , the hepatoma incidence attained a level of 61% (11 out of
18), thr;e times that found in the mice which were exposed to fast
neutrons only.
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TABLE I

INCREASED INCIDENCE OF HEPATOMAS IN IRRADIATED MICE
RECEIVING A SINGLE INJECTION OF CARBON TETRACHLCRIDE

TREATMENT AGE AT NO. O HEPATCOAS
DEATH MICE No. %

Neutrons
(165-306 rad) 20-30 58 11 19

Neutrons + CCl 4
(171-306 red) 20-31 18 11 61

X-rays
(500 rad) 18-33 41 1 2

(XCI+ only
(0 rad) 17-22 6 0 0
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The tumors varied in size from 5 mm to several cm. diameter(Figure 1)
the largest tumors being in the neutron-CCl mice. Histologically, the
tumors in all groups were similarly composei of cords and nests of
relatively well-differentiated hepatic cells (Figure 2). They were
generally well-circumscribed, and metastases were not observed. In
addition, of the 7 mice in the neutron-C01 group which did not have
hepatomas, 5 showed marked pleomorphism ani atypicality of liver cell
nuclei (Figure 3). Similar, but generally less severe nuclear changes
were observed in only 6 of the 47 mice, irradiated with neutrons only,
which did not have hepatomas. Finally, of the small group of mice
which received C0 but no irradiation, and were sacrificed up to 22
months later, none exhibited hepatomas or nuclear abnormalities.

Other Lumorst The incidence of tumors other than hepatomas was
comparable, in the various groups, to that observed in previous reports
by us (10), and by Upton et al (17).

DISCUSSION

Although the number of animals involved in these experiments is
relatively small, certain conclusions appear to be warranted from the
data. First, that fast neutron radiation may have a relatively greater
potency than X-rays in eliciting hepatomas in these mice. This obser-
vation is at varianee with earlier studies by ourselves (10) and by
Upton et al (17) in which fast neutron irradiation and X-irradiation
resulted in similar hepatoma incidence (2-3%). The marked increase in
incidence in the present series may be due, in part, to the more careful
examination of the livers. However, further data are obviously required.
It is of interest that Rosen et al (18) have recently reported a rela-
tive potency between 2 and 3 for fission-spectrum neutrons versus X-rays
for the production of renal neoplasms in rats.

Second, a single inoculation of 001 to neutron-irradiated mice
resulted in a three-fold increase in hepitoma incidence. Although the
incidence of hepatomas in non-irradiated mice can be greatly increased
by multiple feedings of COl , as reported by Edwards (19), a single
injection of COl did not risult in hepatoma formation (19). The
absence of liver 4neoplasms in our small non-irradiated group which
received CI4 alone, is in accord with this observation.

It appears, therefore, that in this system CMI acts as a promoting
agent for liver carcinogenesis. The proliferative iesponse of the
liver to this hepatotoxic agent is well known. However, this prolifer-
ative effect may not be the sole basis for the promoting action of 001
Ingle and Baker (20) carried out multiple (12 times) partial hepatecto~ies
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Fig. 1 Gross view of hepatoma in neutron irradiated i mouse.
The tumor mass occupies most of the liver. C4



4I

Fig. 2 Low power view of well-circumscribed hepatoma from 28
month old LAF mouse irradiated with fast neutrons (300 rad)
at age 3 montis, followed by a single injection of CC14
12 months later. (x 35)
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Fig. 3 High power view showing nuclear variability in liver cells
of another mouse similarly treated. This mouse did not have a
hepatoma. (x 250)



in non-irradiated rats during a period of 1 year, Under these conditions
of repetitive hyperplasia, no developmnnt of liver neoplasia was found.
Since repeated feeding of CC does result in hepatomaz in non-irradiated
mice (19) it is possible that the promoting aution of CCI in the pres-
ent experiments involves factors in addition to a proliferative stimulus.
Pertinent to this is the recent finding of Smuckler et al (21) of an
early intracellular defect in protein synthesis associated with alter-
ations in the endoplasmic reticulum in the livers of rats, following a
single intubation with CCI 4.

There is considerable evidence that high LET radiation produces
greater acute damage to cells, when compared with low LET radiations.
In animal experiments, this is reflected in the greater histological
damage, and the relatively slower regeneration of the intestinal epi-
thelium (22) and of the bone marrow (23) after exposure of mice to fast
neutrons. At the cellular level, Berendsen (24) has shown that the sur-
viving fraction of cultured human kidney cells irradiated in vitro with
a-radiation, decreases exponentially as dose increases. No shoulder was
evident in the curve on a semi-logarithmic plot. The W was only 65
rads. The a-irradiated cells exhibited no repair on dose fractionation.
These data are interpreted by Berendsen as a "single event" type of
action, by this high LET radiation. By contrast, the survival curves
for such cells after exposure to low LET radiation (200 KV X-rays) ex-
hibit a distinct shoulder, and show recovery when the radiation dose is
fractionated (25); (cf. also 26). Such effects are characteristic of
the "cumulative" type of action of low LET radiation, according to
Barendsen. Similar results have been obtained by Andrews and Berry (27,
28) in studying the effect of fission-spectrum fast neutron radiation
on reproductive capacity of mouse lymphocytic leukemia cells, measured
by means of transplantability. The response of these cells to fast
neutron irradiation, according to these authors, is a 'no-threshold,
no-recovery one",

These differences in the mode of action of high LET versus low LET
radiations, reflected in the relatively more severe intracellular defect,
probably at the chromosomal level (cf.7), in cells exposed to high LET
radiations, may well be the basis for the marked difference in carcino-
genic potency between fast neutrons and X-rays, as observed in the liver
and in the gastrointestinal epithelium. According to this concept, car-
cinogenic "initiation" is correlated with the degree and persistence of
a radiation-induced cellular defect or alteration within a population of
cells. The fact that fast-neutron irradiated cells show the "single
event", no-recovery type of reanonse with respect to reproductive capacity,
as discussed above implies that any radiation-induced genetic damage
incurred by these cells would persist for more prolonged periods without
repair, as compared with X-irradiated cells. Although the true nature
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of this intracellular lesion is unknown, it would appear to reside at
the chromosomal or subchromosomal level, and to be associated with an
increased genetic instability or mutability in this population; as a
consequence, the eventual appearance of a small number of the postulated
"mutant" neoplastic cells becomes statistically more probable. The
establishment of such "mutant" cell clones and their emergence as an
actual tumor mass, presumably by selective proliferation, would depend,
at least in part, upon the level of proliferative activity in the
specific tissue involved. Under proper conditions (e.g. mitotic stimu-
lation by CC14 damage) these aberrant cells and their progeny would be
more and more likely to change in the direction of release from hormonal
or other regulatory control (cfo 29). Similar accelerated induction of
renal neoplasms has been shown to occur in X-irradiated mice following
the proliferative stimulus of unilateral nephrectomy (30).

What is the promoting agent in the case of the neutron-irradiated
mice which did not receive CC 4? One would have to postulate here that
the cell turnover in the liver although extremely slow, would, over a
period of 2 years or more, permit the eventual emergence of the radiation-
initiated neoplastic cell clones. Any endogenous factors (for example,
hormonal) or extrinsic influences (for example, dietary or toxic) which
increase cell turnover in the liver, would then be expected to hasten
the carcinogenic process under these conditions.

9



REFERENCES

1. I. Berenblum. Carcinogenesis and Tumor Pathogenesis. Adv. in
Cancer Raes. 2: 129-175, 1954.

2. J. Furth and K. Yokoro. Components of Radiation Carcinogenesis in
"Proc. 3rd Australasian Conference on Radiation Biology", Batter-
worths Scientific Publications, London, 1960.

3. J. Furth. Radiation Neoplasia and Endocrine Systems in "Radiation
Biology and Cancer", University of Texas Press, Austin, 1959, pp.
7-25.

4. J. Furth. Vistas in the Etiology and Pathogenesis of Tumors.
Federation Proc. 20(2): 865-873, 1961.

5. E. P. Cronkite, C. J. Shellabarger, V. P. Bond, and S. W, Lippincott.
Studies on Radiation-Induced Mammary Gland Neoplasia in the Rat. I.
The Role of the Ovary in the Neoplastic Response of Breast Tissue
to Total or Partial X-irradiation. Radiation Res. 12: 81-93, 1960.

6. T. S. Hauschkao The Chromosomes in Ontogeny and Oncogeny. Cancer
Res. 21: 957-974, 1961.

7. T. T. Puck and P. I. Marcus. Action of X-rays on Mammalian Cells.
J. Exper. Med. UO : 653-666, 1956.

8. P. C. Nowell, L. J. Cole, and M. E. Ellis. Induction of Intestinal
Carcinoma in the Mouse by Whole-Body Fast Neutron Irradiation.
Cancer Research 16: 873-876, 1956.

9. P. C. Nowell, L. J. Cole, and M. E. Ellis. Neoplasms of the Glan-
dular Stomach in Mice Irradiated With X rays or Fast Neutrons.
Cancer Res. 18: 257-260, 1958.

10. P. C. Nowell, and L. J. Cole. Late Effects of Fast Neutrons Versus
X-rays in Mice: Nephrosclerosis, Tumors, Longevity. Radiation
Res. 11: 545-556, 1959.

1i. F. M. Burnet. Cancer: Biological Approach. I. Processes of Control.
Brit. Med. J. 1: 779-786, 1957,

12. M. D. Albert. X-irradiation Induced Mitotic Abnormalities in Mouse
Liver Regenerating After Carbon Tetrachloride Injury. I. Total
Body Irradiation. J. Nat. Cancer Inst. 20: 309-319, 1958.

13. M. D. Albert, and N. L. R. Bocher. Latent Injury and Repair in
Rat Liver Induced to Regenerate at Intervals After X-radiation.
Cancer Res. 20: 1514-1522, 1960.

14. G. F. Leong, R. L. Pessotti and J. S. Krebs. Liver Cell Prolifer-
ation in X-irradiated Rats After Single and Repetitive Partial
Hepatectomy. J. Nat. Cancer Inst. 7: 131-143, 1961.

15. L. J. Cole and V. J. Rosen, Jr. Latent Radiation-Inhibition and
Recovery of Mitotic Activity in Mouse Kidney. Exper. Cell Res.
22: 416-418t 1961.

16. E. Tochlin, B. Shumway, G. D. Kohler, and R. Golden. Cyclotron
Neutron and X-ray Dosimetry for Animal Irradiation Studies. Radi-
ation Res. I: 158-173, 1956.

10



17. A. C. Upton, A. W. Kimball, J. Furth, K. W. Christenberry, and
W. H. Benedict. Some Delayed Effects of Atom-Bomb Radiations in
Mice. Cancer Res. &Q: (Part 2): 1-62, 1960.

18. V. J. Rosen, Jr., T. J. Castanera, D. 3. Kimeldorf, and D. C. Jones.
Pancreatic Islet Cell Tumors and Renal Tumors in the Male Rat Fol-
lowing Neutron Exposure. Lab. Invest. 11: 199-203, 1962.

19. J. E. Edwards. Hepatomas in Mice Induced With Carbon Tetrachloride.
3. Nat. Cancer Inst. Z: 197-199, 1941.

20. D. J. Ingle, and B. L. Baker. Histology and Regenerative Capacity
of Liver Following Multiple Partial Hepatectomies. Proc. Soc.
Exper. Biol. Med. 21: 813-815, 1957.

21. E. A. Smuckler, 0. A. Iseri, and E. P. Benditt. An Intracellular
Defect in Protein Synthesis Induced By Carbon Tetrachloride. J.
Exper. Med. 116: 55-72, 1962.

22. S. Lesher, and H. H. Vogel, Jr. A Comparative Histolo cal Study
of Duodenal Damage Produced by Fission Neutrons and Co Gamma-Rays.
Radiation Res. 9: 560-571, 1958.

23. W. E. Davis, Jr., and L. J. Cole. Comparative Effects of Fast Neu-
trons and X-rays on Marrow Deoxyribonucleic Acid (DNA) Content in
Mice. Radiation Res. 1&: 104-116, 1961.

24. G. W. Barendsen. Damage to the Reproductive Capacity of Human Cells
in Tissue Culture by Ionizing Radiations of Different Linear Energy
Transfer in "The Initial Effects of Ionizing Radiations on Cells".
ed. R. J. C. Harris. Academic Press, London, 1961.

25. G. W. Barendseno Dose-Survival Curves of Human Cells in Tissue
Culture Irradiated With Alpha-, Beta-, 20-K.V.X- and 200 K.V.
X-Radiation. Nature M: 1153-1155, 1962.

26. M. M. Elkind, and H. Sutton. Radiation Response of Mammalian Cells
Grown in Culture. I. Repair of X-ray Damage in Surviving Hamster
Cells. Radiation Res. 13: 556-593, 1960.

27. J. R. Andrews and R. J. Berry. Fast Neutron Irradiation and the
Relationship of Radiation Dose and Mammalian Tumor Cell Reproductive
Capacity. Radiation Res. 1&: 76-81, 1962.

28. R. J. Berry and 3. R. Andrews. Modification of Radiation Effects
in Mammalian Tumor Cells by Pharmacological Agents, Nature 196:
185-186, 1962.

29. M. M. Maini, and N. F. Stich. Chromosomes of Tumor Cells. III.
Unresponsiveness of Precancerous Hepatic Tissues and Hepatomas to
a Mitotic Stimulus. 3. Nat. Cancer Inst. 28: 753-762, 1962.

30. V. 3. Rosen, Jr., and L. J. Cole. Accelerated Induction of Kidney
Neoplasms in Mice After X-Radiation (690 rad) and Unilateral
Nephrectomy. J. Nat. Cancer Inst. ?I: 1031-1041, 1962.

11



Biology and Medicine

DISTRIBUTION

NAVY

1-3 Chief, Bufeau of Ships (Code 335)
4 Chief, Bureau of Ships (Code 320)
5-6 Chief, Bureau of Medicine and Surgery
7 Chief of Naval Operations (Op-07T)

Chief of Naval Research (Code 104)
9-11 Director, Naval Research Laboratory (Code 2021)
12 Office of Naval Research (Code 422)
13 Office of Naval Research (Code 441)
14-23 Office of Naval Research, FFO, New York
24-26 Naval Medical Research Institute
27 OiC, Radiation Ecposure Evaluation Laboratory
28 Director, Aviation Medical Acceleration Laboratory
29 U.S. Naval Postgraduate School, Monterey
30 Commander, Naval Ordnance Laboratory, Silver Spring
31 Naval Missile Center (Code 5700)
32 U.S. Naval Hospital, San Diego
33 CO, Naval Medical Rasearch Unit No. 2
34 CO, Naval Medical Field Research aboratory, Camp Lejeune

ARtY

35 Chief of "esearch and Development (Atomic Division)
36 Chief of Research and Development (Life Science Division)
37 Deputy Chief of Staff for Military Operations (CBR)
38 Chief of Engineers (EDGMC-DE)
39 Chief of Engineers (ENGCW)
40 CG, Army Materiel Command (AMC8)-DE.-NE)
41 CG, USA CBL Agency
42 President, 3hemical Corps Board
43-45 CO, BW Laboratories
46 CO, Chemical Corps Training Command
47 Commandant, Chemical Corps Schools (Library)
48 CO, Chemical Research and Development Laboratories
49 Commander, Chemical Corps Nuclear Defense Laboratory
50 CO, Army Environmental Hygiene Agency
51 CG, Aberdeen Proving Ground
52 CO, Army Medical Research Laboratory

13



54 Army Medical Research and Nutrition Laboratory (MMEN-AD)
55 CO, Army Medical Service Combat Development Agency
56-57 Medical Field Service School, Fort Sam Houston (Stimson Lib.)
58 Brooke Army Medical Center (Dept. PreY. Med.)
59 Director, Surgical Research Unit, Fort Sim Houston
60 Director, Walter Reed Army Medical Center
61 Hq., Army Nuclear Medicine Research Detach., Europe
62 CG, Combat Developments Command (CDCMR-V)
63 0G, Quartermaster Res. and Eig. Command
64 Hq., Dugway Proving Ground
65-67 The Surgeon General (MEDNE)
68 Office of the Surgeon General (Combat Dev.)
69 CG, Engineer Res. and Dev. Laboratory
70 Director, Office of Special Weapons Development
71 CG, Munitions Command
72 CO, Frankford Arsenal
73 CG, Army 1issile Conmmnd

AIR FMCE

74 Assistant Chief of Staff, Intelligence (AFCIN-3B)
75-80 CG, Aeronautical Systems Division (ASAPRD-NS)
81 CO, Aadiological Health Laboratory Division
82 Director, USAF Project RAND
83 Commandant, School of Aerospace Medicine, Brooks AFB
84 CO, School of Aviation Medicine, Gunter AFB
85 6571st Aeromedical Research ab., Holloman AFB
86 Radiobiological Laboratory
87 Office of the Surgeon (SUP3.1), Strategic Air Command
88 Office of the Surgeon General
89 CG, Special Weapons Center, Kirtland AFB
90 Director, Air University Library, Maxwell AFB
91-92 Commander, Technical Training Wing, 3415th TTG
93 Hq., Second Air Force, Barksdale AFB
94 Commander, Electronic Systems Division (CRZT)

OTHE' DOD ACTIVITIES

95 Chief, Defense Atomic Support Agency (Library)
96 Commander, FC/DASA, Sandia Base (FCDV)
97 Commander, FC/DASA, Sandia Base (FCTG5, Library)
98 Commander, FC/DASA, Sandia Base (FCWT)
99-100 Office of Civil Defense, Washington
101-102 Civil Defense Unit, Army Library
103 Armed Forces Institute of Pathology
104-113 Armed Services Technical Information Agency
114 Director, Armed Forces Radiobiology aesearch Institute

14



AEC ACTIVITIES AND OTHERS

115 Research Analysis Corporation
116 Life Science Officer, AEC, Washington
117 Director, Division of Biology and Medicine
118 NASA, Ames Research Center, Moffett Field
119 Naval Attache, Stockholm (for Commodore Troell)
120 Aerojet General, Azusa
121-125 Argonne Cancer Research Hospital
126-135 Argonne National Laboratory
136-137 Atomic Bomb Casualty Commission
138 AEC Scientific Representative, France
139 AEC Scientific Representative, Japan
140-142 Atomic Energy Comission, Washington
143-146 Atomic Energy of Canada, Limited
147-149 Atomics International
150-151 Battelle Memorial Institute
152 Borden Chemical Company
153-156 Brookhaven National Laboratory
157 Chicago Patent Group
158 Colorado State University
159 Columbia University (Rossi)
160 Committee on the Effects of Atomic madiation
161-163 Defence -desearch Member
164-165 duPont Company, Aiken
166 duPont Company, Wilmington
167 Edgerton, Germeshausen and Grier, Inc., Goleta
168 Edgerton, Germeshausen and Grier, Inc., Las Vegas
169-170 General Dynamics, Fort Worth
171-172 General Electric Company, Cincinnati
173-180 General Electric Company, Richland
181 General Electric Company, St. Petersburg
182 General Scientific Corporation
183 Hughes Aircraft Company, Culver City
184 Iowa State University
185 Journal of Nuclear Medicine
186 Knolls Atomic Power Laboratory
187-188 Los Alamos Scientific Laboratory (Library)
189 Lovelace Foundation
190 Martin-Marietta Corporation
191 Massachusetts Institute of Technology
192 Mound Laboratory
193 National Academy of Sciences
194-195 NASA, Scientific and Technical Information Facility
196 National Bureau of Standards (Taylor)
197 National Cancer Institute
198 National Lead Company of Ohio
199 National Library of Medicine
200-201 Nevada Operations Office
202 New Jersey State Department of Health
203 New York Operations Ofiice

15



204 New York University (Eisenbud)
205 Oak Ridge Institute of Nuclear Studies
206 Office of Assistant General Counsel for Patents
207-208 Phillips Petroleum Company
209-212 Pratt and Whitney Aircraft Division
213-214 Public Health Service, Washington
215 Public Health Service, Las Vegas
216 Public Health Service, Montgomery
217 Sandia Corporation, Albuquerque
218 Union Carbide Nuclear Company (ORGDP)
219-223 Union Carbide Nuclear Company (ORNL)
224 Union Carbide Nuclear Company (Paducah Plant)
225 United Nuclear Corporation (NDA)
226 U.S. Geological Survey, Denver
227 U.S. Geological Survey, Menlo Park
228 U.S. Geological Survey, Naval Weapons Plant
229 U.S. Geological Survey, Washington
230 U.S. Weather Bureau, Washington
231 University of California, Davis
232-234 University of California Lawrence Radiation Lab., Berkeley
235-236 University of California Lawrence Radiation lab., Livermore
237 University of California, Los Angeles
238 University of California, San Francisco
239 University of Chicago Radiation Laboratory
240 University of Hawaii
241 University of Puerto Rico
242 University of Rochester (Atomic Energy Project)
243 University of Tennessee (UTA)
244 University of Utah
245 University of Washington (Donaldson)
246 Wayne State University
247 Westinghouse Electric Corporation (iahilly)
248 Westinghouse Electric Corporation (NASA)
249 Western Reserve University (Friedell)
250-274 Technical Information Extension, Oak Ridge

USN-%DL

275-310 USNADL, Technical Information Division

DISTAIBUTION DATE: 15 January 1962

16



U, 0, m 4

-O .!:-o

d 48

I0-

P. - S'

0 "= 0

E' 'w 0' fb 01.
16 1 e :1 'EU

.4 -. L 1 - .d i

x uu X.,- bo

E 
I

too - 0 v

E ~ r 4 -- S '

9pr' Uto o 0 WA W- oI A
.~4 4~ E E

r

do ;; . E ,

16 C" W 0 I



U E

9.4 4 ccu ~ 0 W

U 4) - .0:~X

Z.,0* u r,- rUE .~

0< ><~ 'j , 0 '- EE

W. 0~O3 U 00

~E
:3 6t0' U U2 t 'O h

A. C Z .

( 0 -9 .q 4 clE to

E d

.4 V,.

a 0 0 -E E - .0

V 4 4vu . u42 ) 0o C :011

X faO -b!cU C J 0 0

E4 4).~ O *.a , 10 g

U E 0 r. r.-

0~~ 4 2 too

gZ u UZ' C- " - -X > ) r



2 dd
r- u 0. .

A~~~ "0 in o.n~

C- 8 ;
*u vi 4)0 0

Q -4 ) . 4)

S0 CU q*- U
u4)4 0 l 3.

:8 v W~ 4) 0) :(4 93U

00 0 O

CU,

=,u - > -

2 0~ 0 0A

d- u U s

0 1-

IL oO

-0 T
Mt- k 0 Im, u 0. ru.v 0

'F?4 CL

~4 'EC EO'-

-. uwv .-. t b *8

U Z wU 0



U E0u

W I U. " 0t&U Ut Lo

P 0 ~ 4) 1 4t

9~ 44) -1 . 0 c

c 4) co:

E d U

:3 0
01 0i z 0

b zi

o UU r~0

4 Wo E 00

0 0 0

"- t< 0 g, Or-

U- ~ ~ 0S cuca 4

0~* 0 -()-

0

d 81RsA
I.M C'j

0 N )( )

IL~~ R. Eg .2

90

Z ~0* (0 s-",U 2 6 - -
£li MU0

oO~T 0f00
k 0 '-*Q 0 - u . 0 0 U.

I~c 0 U 0 u E :

u 15
UT


